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I.

ABSTRACT

This paper describes a new method of making austenitic
stainless steel (18 / 8 ) powder by electrochemical disintegra
tion.

The method used an external direct current applied to

a heat-treated stainless steel anode, and a platinum cathode
in an electrolyte of an aqueous solution of 20# HNO^ and

1 # H2 S0^ by weight respectively.
Special attention has been paid to the size distribution
of sieve and sub-sieve sizes, and the following ranges were
found:

approximately one-half lies between the limits of

200 and 325 mesh, and one third is finer than 325 mesh, with
the remainder about +200 mesh, average specific surface
209.6 sq. cm/gm.

The powder obtained is about 68# of the

weight of the working anode.
Chemical analysis of the powder showed 16# reduction
of the original carbon content; chromium and nickel were
slightly affected.

The powder produced is still in the

normal range of 18-8 stainless steel.
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III.

INTRODUCTION

Growth of powder metallurgy, as measured in terms of
tonnage consumed, has been rapid in the field of iron and
copper base parts.

According to reports released in 1961

by the Metal Powder Industries Federation, shipments of
powder reached a total of 35,300 tons.

More than half of

this total - about 18,000 tons - was used to produce powder
metallurgy parts.

The previous record of 17,000 tons was

set in 1959.
A statistical report made by the Federation mentioned
above showed that in 1 9 5 1 , only about 3000 tons of ferrous
structural powder metallurgy parts were produced.

Six years

ago, in 1956 , only about 9,000 tons of parts were shipped,
exactly half as much as was produced in 19 6 1 .
It is apparent from these statistics that there is an
increasing demand of metal powder production.

The powder

metal parts producer has recognized the importance of im
proving the quality, utility and economy of parts made by
powder metallurgy technique.
Production of alloy powder has received a considerable
attention.

Alloy powders were produced in Germany shortly

before the war by mechanically breaking up a thin stream of
molten metal.

Similar powders are now being produced in

England by Jones and Lunt Company while in the United States
several companies are producing alloy powders by several
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different methods, chiefly along the line of atomization
or modifications of that process.
Alloy powders are used primarily because the constitu
tion of the end product is fully and completely alloyed.

The

sintering time is reduced from that necessary for diffusion
sintering.

The physical properties of fully diffused pro

ducts are usually better than those of products whose elements
are only partly diffused.

In fact the possibilities of new

effects obtainable by the use of pre-alloyed powders are
enormous compared with those obtainable by the use of pure
metals, which have been fairly well investigated.
It is possible in most cases, when using alloy powders,
to reduce the sintering temperatures below those necessary
when using pure metals.

Pre-alloyed powders also have a

distinct place in hot pressing.
When it is desired to sinter two nonmiscible metals,
pre-alloyed powders are essential if fineness of dispersion
of one element through the other is Important.

This is

because in pre-alloy powder, each particle of powder has
the constitutent elements locked together intimately through
out the entire particle.
The production of pre-alloyed stainless steel powder
of 18 $ chromium, 8$ nickel of austenitic variety has received
considerable attention (1 ), but published work on the subject
is limited.
It has been known since the days of the pioneer work
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on austenitic stainless steel, some forty years ago, that
certain of these type of steels are susceptible to particularly
rapid grain boundary corrosive attack: in suitable media
after an embrittling heat treatment.

This phenomenon can

be exploited in various ways to produce powder.

Wulff (2 )

has described the production of such powder in a brief way,
by heat treating massive stainless steel so as to make it
susceptible to intergranular attack and then causing partial
disintegration by means of a corrosive agent.

Ball milling

completes the process.
An alternative procedure with embrittled stainless
steel is to bring about complete dlstintegration by electro
chemical attack.

The major approach in this procedure is to

minimize the general attack on the grains and separated
particles of stainless steel while maintaining a high rate
of corrosive attack on the grain boundaries.

The main

feature in the work to be described is the development of
a new electrochemical dlstintegration process.

(1)

Wulff, John, "Powder Metallurgy".
Cleveland, 1942. p. 137.

Am., Soc., Metals,

(2)

U.5.A. patent #2,361,443, "Method of Producing Metal
Powders" is attached to this paper as reference and
comparison.

IV. R2VIBW OF LITERATURE

The susceptibility of austenitic chromium-nickel steels
to intergranular corrosion due to carbide precipitation has
been recognized for many years, and considerable research
has been performed.
The austenitic chromium-nickel steels are more resistant
to corrosion, and, unlike the martensitic steels, their stain
less properties are less affected by the degree of surface
polish.

Prom a constructional point of view they possess

many advantages; due to their freedom from air-hardening
effects and their retention of great ductility even when
made coarse-grained.
Unfortunately a trouble has been experienced which has
been called "weld decay", a rather misleading term, since
the defect occurs in cases other than in welding.

When the

austenitic chromium-nickel steel is heated in the range 932
to 1652 degree F,

(500 to 900 degree 0.) and then cooled,

the material is attacked by most corrosive media in an inter
crystalline manner.

In welding, of course there is a zone

on either side of the Junction which is attacked in the
intercrystalline manner.

The mechanism of the structural

change which occurs on reheating chromium-nickel austenitic

(3)

H.H. Lester "Trans. American Society for Steel Treating"
1929 vol• 1 6 , p. 743.

(4)

R.H. Aborn and E.C. Bain "Tran. Am. Soc. for Steel
Treating", 1930, vol. 188, p. 309.
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steels in the range 932 tb 1652 degree 2 . has been the subject
of a number of studies by Lester (3), Aborn and Bain (4),
Krivobok and co-workers (5), and Rallason (6), The fallowing
adequately covers the experimental results:
A typical 18-8 alloy, as described in publications of
metallography, is merely a uniform solid solution, the grains
of which are all of the same single constituent. Carbon is
dissolved in the alloy in accord with the solubility curve
Pig. (1). A moderately rapid cooling retains the carbon
which had dissolved at higher temperatures, and accordingly,
photomicrographs of the typical material will show one metallic
constituent , which is the austenitic solid solution.
When, however, an alloy containing over about 0.02 per
cent carbon is heated in the temperature range in the vicinity
1200 degree 2. C650 degree C.), a new phase in the form of
minute particles makes its appearance at the grain boundaries.
Such meted,im, in general, susceptible to intergranular
attack.
CARB IDS SOLUBILIH:
If austenitic alloys of nickel and chromium are heated
to a temperature at which the carbon is wholly dissolved,

(5) V.N. Krivobok and M.A. Grossman, Tran. Am. Sac. for
Steel Treating , 1930, vol. 18, p. 808.
(6 ) E.C. Rallason, "The Journal of the iron & Steel Institute",
1933, vol. 127, p. 401.
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Pig .X - Approximate Carbon Solubility in 18-8 Alloy ( After
H. H. Aborn, E. C. Bain. )
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only very slow cooling to some lower temperature, at which

the solution would be supersaturated, causes precipitation
of the excess.

The carbon in excess of that which may

exist in soild solution is precipitated as carbide at a rate
which depends almost wholly upon the temperature of precipi
tation. Accordingly, to precipitate the carbide it is advi
sable to cool at a decreasing rate such as will just permit
the precipitation to occur in accordance with tie diminishing
solubility.

mummm.

.q

l

m

m

i
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There are several schools of thought as regards the
theory of intergranular corrosion in 18 per cent chromium,

8 per cent nickel types of stainless steels.

Predominant

in these theories is the carbide precipitation hypothesis
which was supported by the investigation of Bain, Aborn,
and Rutherford (.7 ) .
Ordinarily, 18-8 stainless steel in an annealed condition
^quenched from about 1800 to 2000 degree P.) is considered
wholly austenite.

However, as mentioned before, this austenite

is supersaturated with carbon at ordinary temperature and in
reheating the austenite above 900 degree 1 . chromium carbides
may form and precipitate along the grain boundaries. It is
belived that the formatictin of these chromium carbides
depletes the chromium content of the adjacent areas to a

(7) B.C» Bain, R.H. Aborn, and J.J. Rutherford, "Tran. American
Society for Steel Treating", 1933, vol. 21, p. 497.

chromium level too low to resist corrosion.

In this condition

the alloy is susceptible to an Intergranular type of corrosion,
and the metal is referred to as being sensitized.
According to Bain and his co-workers the following
illustration Fig. (2), sets forth schematically the probable
shift in chromium and carbon concentration in the region of
a grain boundary when a crystallite of carbide forms.
NATURE OF THE CARBIDE:
It is thought that the carbide mentioned above consists
largely of chromium carbide.

According to Bain and Aborn

the chromium content of this precipitated carbide is at least
75 to 90 per cent.
PREVENTION OF SENSITIZATION:
There are four possible methods for prevention of the
loss of corrosion resistance resulting from sensitization:
1 - Reduction of the carbon content to the solubility
limit (approximately 0 .02 $) at low temperatures would eliminate
sensitization altogether, but such a course is impractical
at the present time.
2 - The method of preventing intergranular susceptibility
at present most widely in use is the addition of a small
amount of carbide forming elements which will replace the
chromium in the initial precipitate, and thus leave it availa
ble for maintaining the corrosion resistance.
3 - Carbide dispersion throughout the grains by means of
cold-work, which causes the precipitation to occur along slip

15

*ig. 2 - Idealized diagram showing probable distribu
tion of carbon and chromium concentration (ordinate)
in the ricinity of a carbide particle. Abscissa is
merely distance on either side of the grain boundary.
( after B. C. Bain, H. H. Aborn, and J. J. Rutherford,
1933, p. 499)
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planes during the subsequent reheating instead of at the
grain boundaries.
4

- Restriction of the use of the alloy only to

temperature ranges in which carbide precipitation will not
occur.
When it is desired, as in the present case, to achieve
maximum susceptibility to grain boundary corrosion, these
requirements must be reversed.

17

V. EXPERIMENTAL WORK
The stainless steel used In this work was commercial
Allegheny metal 18-8, type 302, the analysis of which is
given as follows:

Element

Percent

Carbon....................

over 0.08-0.15

Manganese.................

2.00 max.

Silicon............ ....... 1.00 max.
Chromium..................

17.00-19.00

Nickel....................

8.00-10.00

Specimens, 2 x 6 x 0.05 cm. in size were cut from the
sheet of 0.05 cm. thickness, and marked with a wire stamp.
Method of heating samples:
The steel specimens were placed in a quartz tube in an
electric resistance furnace, then heated up to the desired
temperature (maximum temperature for the furnace was 1200
degree C.).

The furnace, and the specimen inside it were

held for the required time and temperature, then both were
allowed to cool to room temperature.
The temperature was indicated and controlled by a
relay and a Bristol millivoltameter type instrument from
a control panel used throughout this work.
After the specimens were cooled to room temperature,

they were taken from the quartz tube, and the oxide scale
on the surface was removed by the following electrolytic
cleaning method, by treating the specimen as a cathode in
hot, dilute sulfuric acid under the following conditions:

Solution..................... 5 per cent (by weight)
sulfuric acid.
Anode........................

lead (6 x 2.5 x 0.2 cm.)

Cathode......................

Test specimen,

(6 x 2 x .05 cm.)
Cathode current density......

About 10 amp per sq. dm.

Inhibitor ...................

2 c.c. of potassium
dichromate solution per

100 c.c. of electrolyte
Temperature..................

75 C i 3

Exposure time ...............

3 minutes.

Any remaining scale was then removed with No. 1 metallographi
emery paper.

The specimen was measured and the total surface

area was calculated.

Finally it was degreased in acetone,

dried and weighed.
The Apparatus:
The arrangement shown in Fig. (4), was used throughout
this investigation to produce stainless steel powder by
electrochemical disintegration.

A car battery charger B,

supplied the external direct current of 1 . 7 5 amp. and of

6 volt, was connected to a main supply of 110 volt, alterna-
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Fig«3- Schematic drawing of circuit and construction
for prepraration stainless steel powder by the electro
chemical disintegration process.
C* Pt electrode, N : heat treated stainless steel as
anode, A t ammeter, V : voltmeter, R : variable resis
tance, K : switch, B : car battery charger.
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ting current, a variable resistance R, an ammeter A, and
a switch K, were connected in series, a voltmeter V, was
connected in parallel to the circuit.

A platinized platinum

electrode of 1 x 2 x 0 . 1 cm. dimension was used as cathode
for anodic and cathodic polarization by the external current.
The heat treated stainless steel was used as the anode.

A

250 c.c. beaker was used as a container for the corrosion
products and the electrolyte.
The procedure:
Two hundred millimeters of the electrolyte solution
were poured into the beaker, so that platinum electrode,
which was covered by platinum black, was completely immersed
in the solution.

The anode is immersed into the solution

at a predetermined line marked on the surface for the purpose
of current density control.

The two electrodes were two

centimeters apart with their exposed surface facing each
other.

The electrodes are held stationary.

The switch K, is

closed and the current density is immediately controlled
by the variable resistance R.

The experiments were made

at constant current density, that is about 7 . 5 amp. per sq.
dm.

The current was observed on the ammeter to increase

slowly after a length of time, till the specimen is completely
disintegrated.

The temperature of the electrolytic solution

was recorded to be about forty degrees.centigrade, due to
the heat generated during the electrochemical reaction.
Sensitizing conditions:
The Influence

upon intergranular corrosion exerted
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by the period of heating at the intermediate temperature at
which carbide precipitates from the austenitic solid solution
has been the object of extensive investigations. The
measurements show that an increasing period at a temperature
suitable for carbide precipitation results in a rapid in
crease of intergranular attack, tor certain temperatures
it appears that this attack passes through a maximum with
sufficiently prolonged periods of time.
Brown, Delong, and Myers (8 ) pointed out that the sensit
izing conditions are not the same for all compositions, and
setting the time at one hour found that for types 302 and
304, 1200 degree F. (650 degree C.), was the most crucial
temperature. Accordingly, all the test specimens used in
this investigation were heated under these conditions for
sensitization.
The run is considered to be completed when the working
anode is completely disintegrated in about three hours, the
cathode and the portion of the anode which was left intthe
clamp, was removed and the electrolyte was decanted off.
The powder was removed, washed with distilled water, dried,
and sieved. All particles larger than 100 mesh (U.S. sieve)
were rejected.

(8 ) LaQue, E.L. "Symposium on evaluation tests for stainless
steels", Am.Soc. for Testing Material, 1949, P« 13.
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Mechanism of attack:
The chromium impoverishement theory supported by Bain,
Aborn, and Rutherford is well known, and it is accepted by
many investigators.

It is based on the idea that heating

18-8 austenitic stainless steel between 400 and 700 C.,
cause the excess carbon to diffuse with increasing rapidity
to the region where precipitation is easiest, and, given
sufficient time extremely fine chromium carbides are preci
pitated in the form of connecting films at the grain bounda
ries. The chromium migrates from the immediately adjacent
grain to the grain boundary, and it is possible that the adja
cent region of the grains would be rendered deficient in
chromium and therefore subject to severe attack by corrosive
media.
It is well known from the theories on the corrosion
developed by Evans i9) and his co-workers that local
differences in potential may occur on the surface of metal
alloy, immersed in an electrolyte, and that the local
electrolyte cells thus set up may accelerate corrosion at
one point while retarding it at another. In the case of
stainless steel, after chromium carbide precipitates, three
different areas, illustrated schematically in Pig. (5 ),
demand consideration :

(9)

Evans, U.R. "Metallic Corrosion Passivity and Protec
tion", 1948.

23

Fig.45- Schematic diagram for sensitized stain
less steel grain, showing three different zones:
1- The austenite phase, 2- The carbide phase
along the grain boundaries, 3- The solid so
lution of changed composition (deficient in
chromium)•
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1 - The austenitic phase In the central portion of the grain
(unchanged solid solution), zone No. 1 .
2 - The carbide phase precipitated along the grain boundaries
(forms continuous network), zone No. 2.
3 - The solid solution in the vicinity of the boundaries
which have changed its composition (deficient in chromium),
zone No. 3.
These three areas will show different potentials towards
the corroding liquid.

It has been stated by Evans (9)

that the austenitic phase zone No. 1, is cathodic, so that
the anodic attack falls only on the chromium depleted zone,
and zone No. 2 if it forms a continuous network.

The result

will be an intense intergranular attack and consequent
weakening, owing to the large cathode/anode ratio.
It is well known that if a base (reactive) metal is
in contact with a more noble (unreactive) metal; the effect
of the combination is frequently to accelerate the corrosion
of the base metal and to reduce, or even prevent altogether,
the attack on the noble metal.

A still greater degree of

acceleration can be obtained by providing a current from
an external source.
Therefore the experiments for this investigation were
made by introducing an external potential, to accelerate the
electrochemical attack.

A sensitized stainless steel was

used as an anode, a platinum electrode as the cathode and
an external direct current.
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The samples were tested in various corrosive media,
one of which was the solution invented by B. Strauss, which
has been widely used in connection with previous work on the
interganular corrosion resistance of 18-8 steels. This solution
was made up of 10 per cent sulfuric acid and 10 per cent copper
sulfate in water, but no helpful results were obtained owing
to the formation of copper powder in which was found a certain
amount of stainless-steel powder
Various concentrations of nitric acid alone were used as
electrolytes, and it was observed that in only two cases when
concentrated nitric acid such as 40# or 30# by weight was use£,
the reaction became violent at the solution level, causing the
strip of stainless steel to be corroded through within few min
utes, the lower part of the anode then broke off and remained
unattacked at the bottom of the beaker. This may be explained
by the protective action of the corrosion products that accu
mulated on the lower part of the anode, and the ready escape
of oxides of nitrogen from the water line zone doubtless led
to a high ratio i^O/^Oe, causing the violent reaction at this
level.
The best electrolyte, in terms of rapid grain boundary
attack, and uniform distribution of the reaction on the surface
of the anode, was found by the auther to be a solution of 20#
nitric acid and 1 # sulfuric acid by weight respectively.

Mechanism of cracking:
The following assumptions are given to explain some of
the factors that will assist cracking:
1 - Stresses arose from the differences in the coefficients
of expansion of carbides and metal.

The strain present

encourages attack along grain boundaries rather than into
grain bodies.

The internal stresses along grain boundaries

will assist in tearing grain from grain, and the electro
chemical action will destroy any bridges which could hold
up the advance of cracks.
2 - Another factor that may contribute to enhanced cracking
is the evolution of hydrogen, for there is no doubt of its
production close to the anodic tip by the cathodic points on
the metal surface.

Presumably the hydrogen formed by the

cathodic reaction first consists of single atoms, which then
proceed to form molecules.

Some of the atomic hydrogen

might, however, diffuse into the grain bodies and become
converted to molecular hydrogen in internal cavities.

If

this happens at a cavity which lies ahead of the direction
of an advancing crack, the pressure developed in that
cavity will co-operate to accelerate the advance of the
crack.

The idea that internal hydrogen pressure developing

in cavities provides much of the mechanical breaking force
would explain the presence of fissures and cracks shown in
Pig. (5 ).

Pig. (6 ) to (-8 ) show the progressive attack

on the grain boundary of annealed stainless steel, and the
powder prepared by the method Just explained above.
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Fig.5 “ A particle of stainless steel powder
showing cracks and pits. Magnification 450 X

Fig. 6 - Microstructure produced by anodic disso
lution of annealed Allegheny 302 stainless steel
in 20?S nitric acid and 1

sulfuric acid, etched

at 150 ma/cm2 , temperature 30 C. A (top) after
1 min., B (bottom) after 3 min., Magenification 450 X
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Fig. 7- as Fig. 6 , showing progressive attach on
the grain boundaries, A(top) after 5 min., B
(bottom) after 10 min., in the same solution and
current density. Magenification 450 X.
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Pig. 8, as Tig 7? A (top) after 15 min., shoeing
undermining and dislodgement of the grains,, Mag,
450 X. B (bottom) Powder of the stainless steel
produced by alloy disintegration. Magnification. 110 X.
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IV.

SOME PROPERTIES OF STAINLESS STEEL POWDER

SIZE DISTRIBUTION
For engineering purposes commercial steel powder ranges
in size from less than 1 to 150jS(ljJ= O.OOl mm.).
size distribution involved two stages:

(1)

The complete

The use of screens

of different mesh sizes to sieve out all material coarser than
44 microns; this mesh corresponds to a 325 U.S. standard sieve
series, and (2)

The use of microscope counts, for the distribu

tion of fractions less than 44 microns in size.

As the median

size of the majority of stainless steel powder grains examined
has been mostly above 44 microns, sieving has been adopted
throughout and been supplemented by the microscopical method
for those powders having appreciable proportions finer than
-325 mesh.
Sieves 3 Inches in diameter and corresponding to U.S. sieves
of 100, 140, 200, and 325 mesh were used.
out by manual shaking.

Sieving was carried

The general procedure of sieving was

standarized as following:

(1)

The powders obtained weight about

2 . 3 grams was placed in the sieve of coarsest mesh, and covered
with a lid.

(2)

The sample was sieved for about 15 minutes,

after which the pan was removed and the screen was held above a
sheet of paper, and shaken vigorously for 15 seconds; if the
fines passing through the sieve exceeded 0 .0 5 gram, the
process was repeated again until the subsieve on the paper
weighed less than 0.05 gram.

(3)

The fines collected

in the pan and on the test paper were transferred to the
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next finest sieve, and the sieving procedure was repeated
for all the range of available meshes.

(4)

All fractions

were collected, weighed, and expressed as a percentage
of the original after discarding all sizes above 100 mesh.
Details of the percentage-weight distribution in four ranges
are given in Table (1).

All the powders are distributed

in the range -10 to 150 microns, with most of them in the
range -10 to 105 microns.
SPECIFIC SUBPACE
The specific surface considered for the present work
is defined as the surface area per unit weight of powder.
The compacting and sintering operations are considerably
influenced by the contact between the metal particles, and
sintering may in fact, be looked upon as a surface reaction.
The actual surface area involved is therefore an important
factor in the behavior of the material on heating and this
applies whether or not the compacts contain a liquid phase
at the sintering temperature.

If all powders were symmetri

cal and of the same shape it would be possible to estimate
the total surface area from the particle size distribution,
but the shapes of powder particles are Irregular and vary
with the method of production and subsequent treatment.
There are several methods for determining the specific
surface area, and much literature exists on the subject.
The air-permeability method by using Fisher Sub-Sieve
Sizer was used for this investigation, the procedure was
proceeded as described in the instruction and operating

obtained

% of powder

gram

Weight lost in
solution

gram

Weight of powder

gram

Weight of working
anode

Speclemen

Size distribution, Wt. %
Nominal mesh sizes
-140
-200
-100
4.140 __ +200 __ +325
Actual micron sizes
-74
-105
-149
+74
4-105
+4.4__

-325

-44

N

3.4432

2.3252

1 .1 1 8 0

67.6

5.2

19.85

46.9

28.05

K

3.3978

2.3233

1.0645

68.5

5.1

19.60

46.7

28 .60

M

3.4099

2.3300

1.0799

68.4

5.1

19 .60

46.6

28.70

R

3.4090

2.3251

1.0839

68.2

4.83

20.00

47.10

28.07

L

3.4437

2.3199

1 .1 2 3 8

67.7

5.1

19.70

47.00

28.20

68.1

5.07

19.75

46.86

28.32

Average

Table 1 - Size distribution of stainless steel powder.
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manual for this instrument, and by using the equation:

-

q

W

6 x 10 ^
am x p

in which,
dffi = average diameter in microns, taken from the
instrument chart.
p = true density of material from which the powder
was made.
STftT = specific surface in sq. cm. per gm. material.
The values obtained by this apparatus are given in Table 2.
The average specific surface for the powder (100 mesh size
are rejected) was 209.6 sq. cm./gm.
MICROSCOPICAL EXAMINATION
For the microscopic study of particle size and surface
texture, five slides of each sample were prepared from a
wet suspension, by shaking 0 .5 gm. of powder in 30 c.c. of
benzol, from which a sample was quickly taken and placed
on the slide surface, three slides were used, showing the
best dispersion and the least segregation, and a stirring
rod drawn to fine diameter, was used to disperse the powder,
so that each particle lay in the field of view independently
of others, thus permitting easy and precise examination.
SUB-SIEVE SIZE DISTRIBUTION
The sizes and shapes of individual particles of any
metal powder vary appreciably and their measurement offers
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Sample

Density

Average

No.

gm/c.c.

BiZQjjJ

1

8.03

36

207.5

2

8.03

35.4

211.1

3

8.03

35.6

210.2

Average Specific Surface :

Specific surface
sq. cm/ gm

209.6 sq.cm/gm

Table 2- Specific Surface of Stainless steel powder
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some difficulty.

(10,11)

The size or diameter of a particle

has a definite physical meaning only when the object
measured has a regular geometrical form.

Hence, in practice,

the measurement of the diameter of an irregularly shaped
particle is related to one or more ideal standards, e.g.
the diameter of (a) the circle of equivalent projected
area, (b) the sphere of equivalent surface area, or (c) the
sphere of an equivalent volume.

It is assumed that particles

distributed on a slide are resting in the most stable
position, then the microscope measurement is a function
of the two largest dimensions.

It is usual to represent

the particle size by diameter of a circle viewed in a direc
tion perpendicular to the plane of greatest stability.
Exact measurement of the projected area of the particle and
calculation of the diameter of the equivalent circle is
however, rarely necessary.

For most purposes it is sufficient

ly accurate to estimate the statistical intercept diameter
according to methods devised by Martin and others (12),
who proposed the equivalent diameter as the distance between

(10)

Am. Soc. Testing Material, "Symposium on new methods
for particle size determination in the sub-sieve
range." Philadelphia, Pa., 194-1.

(11)

Society of Chemical Industry, "Symposijm on particle
size analysis", London, 194-7, Vol. 25.

(12)

G. Martin, C.E. Blythe, and K. Tongue, "Transaction
of the Ceramic Society", 1923-24, Vol. 23, p. 61.

opposite sides of the particles, measured crosswise on the
field of view of the microscope and on a line bisecting the
projected area of the particle.

The results of a research

published by Heywood (13) have shown that measurement by
this method is sufficiently in agreement for all practical
purposes, and yield a measurement of size that is substantial
ly equal to the mean projected diameter of the particle.
The martin diameter has been adapted for the present micros
cope investigation of particle size and shape.
of recording the count was proceeded as follow:
of each classification was headed in columns.

The method
the size
This gave

twelve headings (from 10//to 120//) across the top of the
paper.

After a particle was measured, a single strike was

made under the proper heading.

As the count was made, the

number of each size was aaaea, dividea oy tne total number
of the particles to get the per cent distribution by number
(N$).

Prom one hundred fifty to two hundred particles for

each slide were measured into frequency distributions.
The average particle sub-sieve sizes of nine slides are
given below:

(13)

H. Heywood,

"The scope of particle size analysis and

standardization", The Institution of Chemical Engineers,
1947. vol. 25.

40

micron..................... 12.7$

30

micon...................... 23.1$

20

micron..................... 33.0$

10

micron..................... 18.9$

-10

micron..................... 12.3$

100 .0 $

It is to be noted that 40 micron, 30 micron, 20 micron etc....,
are taken to be the mean diameter of all particles with the
range of diameter 10 microns, for example, 40 microns being
the middle point of the range of all particles whose diameters
vary from 35 microns to just under 45 microns, be considered
as all possessing the same diameter of 40 microns.
Preparation of sections for metallographlc examination:
A sample of metal powder was mixed with bakellte
mounting powder, of size less than 100 mesh, in the p r o p o r 
tion of one part of powder to eight of bakellte respectively,
by volume, the mixture being heated and pressed by the method
in general use for mounting metallographlc specimens.
Grinding and polishing procedure Included those normally
used for soft metals.

Fig. (10) shows particles embedded

in bakellte.
Appearance and surface texture:
In general the stainless steel powder prepared by
the method described in this paper, varied in colour from
a silvery to a bright grey.

Microscopic examination,

Fig* 9 - Microstructure of individual stainless
steel particles, embadded in bakelite* Mag* 110 X*
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showed that Individual particles were approximately rec
tangular as projected under the microscope, and exhibited
one or more smooth plane surfaces at different levels,
showing a network of cracks forming part of the surface of
the particle, as shown in fig. (6).
Chemical composition:
The chemical composition of the powder is given on
page 40.

Since the purpose of the analysis is to show that

the powder produced is still a stainless steel of austenitic
type, the complete analysis for some elements such as sillicon
and manganese, which will not affect its stainlessness, are
not given.

The result showed that the carbon content of the

powder is 16 % less than that of the original carbon content.
Chromium and nickel are slightly affected.

VII.

CONCLUSION

The data presented in this paper represented a new
development stage, and it is hoped that as more time is
spent in developing powders made by this method, new and
improved results will follow.
The powder produced by this method from Allegheny
metal 18-8, type 302 stainless steel, contains about 46.9 wt.
per cent of grains between 200 and 325 mesh, about 28.3
wt. per cent of powders -325 mesh, with the remainder about
+200 mesh.

This particle size distribution is thus practical

-ly ideal for compacting.
Pig. (1 1 ) shows the relation between the grain size
distribution in a massive sensitized steel, and the size
distribution of the powder resulting from the disintegra
tion of such a steel.

It is clear from the shape of the

graph that the grain size in the powder form became, in
general, smaller than of its original size, and this is
dependent on the efficiency with which the structure will
break down to a single grain or to a group of two grains.
However particle size distribution of the powder is a
result of the grain size originally in the massive steel and
this can be controlled by the heat treatment for grain
refining before sensitizing.
The low carbon content of that powder is felt to be
a particular advantage where corrosion attack is a major
consideration.
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% Distribution

Grain
Size, jj

Massive Steel

Powder Steel

10

2

6.6

20

5.0

11.8

10.1

8.5

40

10.7

4.6

50

12.0

15.2

60

18.1

21.0

70

10.2

11.2

80

9.4

7.3

90

7.4

5.3

100

5.7

3.3

110

5.0

3.3

120

4.4

1.9

30

Table 4- Grain size Distributions in massive and
powder stainless steel.
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The yield of the powder is about 68^ of the weight
of the working anode, which is rather low, and this is
because of the losses due to partial dissolution of the
surface of the grains themselves, and to complete dissolu
tion of some of the fine grains.

This yield may be improved

in the future by adjusting the differences in the rate of
corrosion of the grain-boundary zones and of the grain
surfaces.

This difference in rate is determined by the

structure and composition of the grain boundaries and by
the composition of the corroding solution.
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UNITED STATES PATENT OFFICE
2,361,443
M E T H O D OF PRODUCING METAL POWDERS
John Wulff, Cambridge, Mass.
Original application March 17, 1941, Serial No.
383,875. Divided and this application March
17, 1943, Serial No. 479,437
10 Claims.
This invent'on relates to an improved method
of producing metal powders of high alloy con
tent. This applioat on is a division of prior ap
plication Serial No. 383,875, filed March 17, 1941.
In the field of ferrous powder metallurgy there
is an increasing demand for products of mproved
physical and chemical characteristics such as in
creased tensile strength, corrosion resistance and
the like. Such improvements aree difficult to
attain when utilizing relat vely pure iron powder
as a starting material, for any improvement in
properties which is achieved is secured by ex
pensive treatments, such as hot pressing and dif
fusion of secondary constituents, such as carbon
and the 1 ke, into the iron matrix.
It is well known in the field of fusion metal
lurgy that the most effective and economical
method of modifying the physical and physiochemical characteristics of ferrous base products
is to combine predetermined alloy constituents
with the base metal in the melt so as to secure
an ult mate alloy of the desired analysis and cor
responding physical characteristics. In the field
of powder metallurgy the desirability of utilizing
alloy powders has been recognized and attempts
have been made to produce such products. The
suggested methods however have been so expen
sive as to preclude comrhercial production. This
high expense has been largely due to the fact
that the production of the alloy has been based
on a special treatment of the prefabr cated iron
powder, as for example by effecting diffusion of
one or more solid phase alloying constituents into
the solid phase iron powder or powder compact.
The present invention relates to the produc
tion of special alloy powders by utilizing cheap,
readily ava lable scrap material containing the
desired alloy constituents and reducing this m a 
terial to the powder form by utilizing what, for
the sake of a term, m a y be called an inherent
weakness in the starting material. Because of
the desirable characteristics of stainless steel as
a superior metal for the production of high
strength, corrosion and heat resistant products
this material will be chosen as a m edium to illus
trate the fundamental concept of the invention.
It will be understood, however, that the inven
tion m a y be availed of for the production of pow
der from any alloys, whether ferrous or non-fer
rous, w h ch exhibit the special metallurgical
characteristics which are utilized as herein de
scribed.
It is known that one of the major shortcom
ings of austenitic steels of the stainless type con
taining approximately 18 to 25% chromium and 8

(Cl. 75— 22)
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to 2 0 % nickel and above .0 2 % carbon Is their
susceptibility to intergranular corrosion when
heated to a temperature between about 500° C.
and 900° C. for an appreciable period of time.
In these circumstances the caibon which existed
in metastable solid solution is rejected in the
form of a chromium-rich carbide in the grain
boundaries. The steel which is thus sensitized is
susceptible to preferential corrosion by a n u m 
ber of different corrodents. W h e n subjected to
such preferent al boundaries become weak and
the erstwhile massive material is readily crushed
to a powder.
The present invention utilizes this intergranu
lar corrosion susceptibility of such steels to pro
duce an alloy steel powder of desirably low car
bon content.
Utiliz ng such a concept it will be appreciated
that powders m a y be produced utilizing cheap
equipment and with simple technique. In order
more effectively to explain the invention, a dia
grammatic illustration, in flow sheet form, is
shown in the accompanying drawing.
The essential operations involved in the i m 
proved process is a heat treatment or sensitiza
tion of cheap starting material such as sheet or
shot and a preferential disintegration of the
boundary areas, preferably by chemical cor
rodents, to produce particles corresponding to
the grain size of the material treated.
With these major steps there are employed
other steps, such as mechanical disintegration,
classification, brightening and/or passivation,
which improves the product for certain uses. As
will be appreciated, the products produced u n 
der the principles of the invention m a y be w dely utilized. The classified or graded powder m a y
be utilized either alone or in a blend with iron
powder to produce powder meta] compacts. As
will be seen more fully hereinafter, chromiumnickcl in alloy powders of extremely low carbon
content m a y read ly be produced by the new
method. Such powders m a y be compacted or
briquetted with any suitable bonding agents and
m a y be employed as an addition agent to an ironchromium or iron-nickel chromium melt of a
relatively high carbon content to secure an ulti
mate alloy of a desirably low carbon content.
The low carbon content of the products produoible under the invention renders them ex
cept onally useful for welding reds. The powders
m a y be compacted to the desired shape and
coated with suitable fluxing agents to produce
welding metal of very low carbon analysis.
The iron-chromium powders described herein
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with peculiar advantage m a y be mixed or blended
pable of attaining and holding a temperature in
with predetermined percentages of silver powder
the carbide precipitation range, i. e. from about
and then compacted to produce excellent electri
500° c. to 900° C. or above.
cal contact material. Since an alloy of 1 8 % of
In the furnace t the charge of scrap is heated
chromium and 8 % of nickel has the same elec- 5 up to the carbide precipitation range and held
trochemical potential as silver such contact m a 
within that range, preferably with cyclic varia
terials present the advantages of high corrosion
tions, for a period of time sufficient to insure c o m 
resistance and excellent electrical conductivity.
plete sensitizing of the stock.
In carrying out the Invention cheap source m a 
T h e time of the sensitizing treatment, as will
terial m a y be utilized. Because of its adequate 10 be appreciated, will depend upon the character
supply, ready availability and low cost stainless
istics of the material undergoing treatment. If
steel scrap is preferred. This m a y be utilized in
the charge is comprised largely of stainless of ap
the form of borings and turnings, shotted mate
proximately .08% carbon which has a n average
rial or sheet trim scrap. While not necessary in
cold reduction of .50% the heat treatment m a y be
operating the process it is preferably, when sheet 15 continued 8 or 10 hours or less. With this type
trim is used, to employ a relatively thin gauge
of stock the furnace m a y be charged and brought
scrap since the use of the thin section material
up to a temperature of the order of 1050° C. and
insures a more rapid and uniform corrosion treat
held at this temperature for a period of about
ment. It is also desirable to utilize the cold rolled
one-half hour after which the temperature m a y
scrap. W h e n hot rolled scrap is employed the 2 0 be dropped to about 800° C. and cooled slowly
scale m a y be removed in a manner well k n own to
from 800° C. to 400° c. for a period over about two
those skilled in the art after the heat treatment,
hours.
subsequently to be described, or at any other suit
In the event that the scrap is less severely cold
able stage in the process. It is also desirable,
worked the heating cycle should be prolonged to
although not essentially necessary, to classify the .>5 about 24 hours more or less. For this type of
scrap to the extent that stabilized stainless scrap,
charge the furnace preferably is raised to a tem
i. e., columbium and titanium bearing stainless
perature of between about 400° C. and 760° C. and
is culled from the charge. If such preliminary
held at this temperature for about 12 horns. The
classification is not desirable the mixed scrap m a y
temperature is then preferably slowly dropped to
be employed since the stabilized scrap is readily ;, 0 about 400° C. within the next 12 hour period. In
separable from the sensitized material during the
each case, as will be appreciated, the material is
course of the treatment. With certain scrap m a 
sensitized in the carbide precipitation range for a
terials intergranular corrosion m a y be acceler
period of time adequate to insure thorough ori
ated by heating in a carburizing atmosphere, as
entated carbide precipitation. Cyclic heatings
for example in an atmosphere of illuminating gas. ;j5 are preferred over the maintenance of a steady
As is well known, the grain size of the alloy
heat. Cyclic heatings between approximately
which is utilized as a source material will vary de400° c. and 900° C. are advantageous and slow
pending upon the thermal and mechanical his
cooling from this upper temperature d o w n to 400°
tory of the scrap. A typical charge of scrap m a y
C. similarly accelerates the desired action.
consist only of hot rolled material or cold rolled 10
It will be understood that the heat treatment
material or a mixture of these two. T h e cold
or sensitizing will also be governed in part by the
rolled material m a y also be of different degrees of
carbon content. ’In the preceding examples a
reduction. T h e particle size and particle size
steel scrap of about .08% carbon constituted the
distribution required in the ultimate powder may,
charge. W h e n the carbon content is higher the
if desired, definitely be established in the charge «r, heating cycle m a y be shortened and when the
by making this up of predetermined mixtures of
carbon content is lower the heating cycle should
hot and cold rolled material which latter m a y it
be commensurately prolonged. For very low car
self comprise scrap of different degrees of cold
bon scrap, for example .05% C., the heating time
reduction. W here circumstances so dictate the
must be increased to from about two to about five
charge m a y be standardized as to the eventual oo times to that given in the first examples. W h e n
particle size by heat treating the mixed scrap
the carbon content of the scran is low, i. e. less
prior to the heat sensitizing treatment. This
than .06% C., it is preferably to sensitize in a car
step, as will be appreciated, m a y be carried out in
burizing atmosphere.
the furnace employed for the sensitizing treat
After the scrap has been sensitized in the
ment as a preliminary step in the process. As 55 manner described it is then given a chemical dis
will thus be appreciated the process is operable
integration treatment. If desired prior to such
with run-of-mill scrap which varies widely in
chemical disintegration the material m a y be
length and cross section as well as with smaller
pickled by any suitable agent to remove oxide.
scrap, such as borings, turnings and the like.
As shown in the drawing such chemical dis
T h e process m a y be carried out with simple N integration is accomplished by charging the
standard equipment and chemicals and with a
treated scrap to the vat 2. This vat m a y be
modicum of labor and control. As shown in the
of any suitable material, such as a ceramic or
drawing the scrap to be treated is charged to the
wooden vat lined with stabilized stainless steel
furnace I. If desired prior to such charging the
or any other material which is resistant to the
scrap m a y be treated for the purpose of cleaning 05 action of the corrodent and which does not con
it of hot scale or for any other purpose. T o facil
taminate the powdered product. In the vat the
itate handling the scrap it preferably is first
sensitized scrap is digested in a chemical solu
pressed into a relatively loose bale and is charged
tion which preferentially attacks or corrodes the
to the furnace in the form of such units. W h ere
grain boundaries of the sensitized metal. For
borings and turnings are employed it m a y be TO this purpose a modified Strauss solution m a y be
charged to a furnace in a suitable container.
employed. This solution, for example, m a y c o m 
T h e furnace I m a y be of any suitable type, such
prise 47 cc. HaSO« (sp. g. 1.84) and 13 grams
as a gas or oil fired furnace. Typical annealing
CuSO«.5HaO per liter. The solution preferably
furnaces serve effectively. The only essential re
is held at an elevated temperature of from about
quirement of the furnace is that it shall be ca- TO 80° to 100° C. and the scrap is held in the vat
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for about 2 to 24 hours. In these circumstances
the steel is well corroded along the grain bound
aries. In the course of this corrosion particles
of steel varying from fine powder up to relative
ly large sections detach themselves from the
scrap sheet stock and fall to the bottom of the
tank. W h e n smaller material, such as borings
and turnings are employed this Is substantially
all reduced to a powder In the vat. W h e n sheet
stock Is used the quantity of the disintegrated
detached material m a y be increased by occasion
ally pounding the scrap during the latter stages
of the chemical corrosion. It will be appre
ciated that chemical solutions other than that
mentioned m a y be utilized for this Intergranular
corrosion. Thus In lieu of the solution mentioned
there may be employed such corrodents as dilute
sulphuric acid, a m m o n i u m sulphate and sul
phuric acid, ferric chloride, copper chloride, po
tassium hypochlorite, trlchlorethylene, hot salt
solutions and the like. As Indicated previously,
any solution which preferentially attacks the
carbide-rich grains m a y be utilized.
After the corrosion treatment is completed the
corroded material m a y be removed from the vat
2 by any suitable means and thoroughly washed
in the container 3. The washed material from
which adherent corrodent has been removed m a y
then be passed to the ball mill 4 and milled
therein to reduce the larger particles to a p o w 
der. It will be appreciated that in lieu of the
ball mill shown in the drawing any other dis
integrating mechanism, such as a hammer, stamp
mill or tumbling mill, m a y be employed. The
time of treatment in the ball mill will, of course,
depend upon the type of material treated and
the degree to which the sensitized product has
been corroded. Reduction in a tumbling mill
tends to preserve the powder as single crystals.
Other types of milling tend to make the powder
poly-crystalline. As will be appreciated, if the
material is cold worked during the disintegrating
operation it tends to make the resulting powder
magnetic.
After thorough disintegration in the ball mill
a charge of powder is discharged from the mill
to the screen 6. The material which has not
been powdered or pulverized Is returned, as
shown by line 6 , to the corrosion vat for fur
ther treatment. The material passing through
the screen 5, which preferably is less than 150
mesh, is charged to a suitable container 7 in
which it is treated with a suitable solution, such
as nitric acid which serves to dissolve the copper
which plates out from the Strauss solution and
brighten the powder as well as to passivate the
stainless steel particles. For this treatment a
1 0 % commercial nitric acid solution m a y be e m 
ployed. Preferably the temperature of the liq
uid in the vat 7 is maintained between about 54°
C. and 60° C.
In some circumstances where the charge of
scrap employed is contaminated with inorganic
materials it m a y be desirable to treat the prod
uct to insure their removal. For this purpose
the material from vat 7 m a y be washed and
then passed to a suitable classifier 8 which may,
for example by a Welfley table. In this classi
fication treatment extraneous inorganic mate
rial is removed. The classified metallic powder
may then be discharged to the drier 9. This pref
erably comprises a rotary drier in which the m a 
terial is dried down at temperatures maintained
at 215° C. more or less.
The product which is discharged from the
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drier comprises metallic particles of stainless
steel intermixed with metal carbides. In order to
fractionate this material and to procure a metal
powder free from the carbides the product may
be treated in the magnetic separator ID. In
typical operation the carbides contained in the
mass exist in the fines, i. e. the material of
minus 325 mesh. W h e n the product discharged
from the drier is at a temperature of 215° F„
which is substantially the Curie point of the
carbides, magnetic separation is greatly facili
tated. The carbide material is discharged from
the separator at 11 and the metallic powder
m a y be passed to the screen system 12 from
which powder of differential particle size recov
ered. It will be appreciated that the above de
scribed process presents an eminently simple
method of producing metallic powder of prede
termined particle size for powder metallurgy
uses. Stainless steel powder so produced is singu
larly free from metal carbides and oxides, these
having been removed during the course of the
treatment. B y reason of the freedom from oxides
and carbides the material is extremely plastic
and lends itself most readily to compacting and
sintering. In the event that the powder is cold
worked to a considerable extent, as for exam
ple by reason of a long ball milling operation,
plasticity m a y be restored by annealing at temperatures not higher than 900° C. for about an
hour more or less and then slowly cooled. Pref
erably this annealing is effected in dry hydrogen
or a vacuum in order to avoid undue oxidation
or carburization.
Stainless steel power has been produced in
accordance with the preceding process with
eminently satisfactory results. A charge com
prised of stainless steel sheet trimmings was
annealed in a sensitizing furnace for a period
of 24 hours during about 8 hours of which the
product was held within the temperature of the
carbide precipitation range. This product was
then corroded for about 24 hours in the Strauss
solution previously described. Upon disintegration and classification, i. e. the separation of
the powder produced in the corrosion treatment
from the larger sections and removal of oxides
and the like an eminently satisfactory product
was produced. Upon a screen analysis this
product was found to comprise 30% of power be
tween 100 and 200 mesh, 54% between 200 and
325 mesh and 16% below 325 mesh. This par
ticle size dispersion is thus practically ideal for
compacting. A cold compact made up of the
powder thus produced withstood a pressure of
80 tons per square inch without cracking. This,
as will be appreciated, compares most favor
ably with typical iron powder compacts which
display a tendency to crack under a pressure
of 40 to 50 tons per square inch.
In the preferred method of producing articles
from the stainless steel powder the cold pressed
compact is preferably sintered in a hydrogen
atmosphere. W h e n sintering at a temperature
between 900° C. and 1250° C. for 120 minutes,
products have been produced which possess a
tensile strength in excess of 60,000 pounds per
square inch with a reduction of more than 1 0 %
in area. It will be appreciated that with these
improved physical characteristics combined with
the excellent chemical characteristics of stain
less steel, sintered products possess a very wide
permissive field of use. The stainless steel
powder so produced may. of course, be mixed
or blended with other metal powder, such as
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iron powder, of any desired type silver powder,
nickel powder and the like so as to produce
products of variant physical, physicochemical
and/or electrical characteristics.
As will be appreciated, the physicals of the
compacts produced under the present invention
are such as to permit subsequent proceeding so
as to more effectively conform the compacts to
an intended use. These compacts, for example
m a y be forged and hot rolled to produce articles
of physical characteristics comparable to prod
ucts produced by typical fusion metallurgy
methods.
It will be understood that the process of pro
ducing the stainless steel powder herein de
scribed and as illustrated by the flow sheet is
susceptible of m a n y modifications. As pre
viously explained, the process is available for
use with different types of scrap, i. e. hot and
cold rolled scrap. Where hot rolled scrap is
used it is desirable to pickle the material at
some suitable stage to remove oxides. Where
oxide removal is complete prior to passivation
01 drying physical classification or separation as
illustrated at stage B m a y be dispensed with.
Obviously in lieu of the particular apparatus
shown other similarly functioning apparatus
m a y be employed. Again since, as pointed out,
the carbides occurring in the material are large
ly included in the fines the classification in a
mechanical classifier m a y be sufficiently effective
so as to preclude the necessity of magnetic
separation. Again the sensitizing treatment
m a y be carried out in a rotary kiln in which a
corrosive gaseous atmosphere is maintained.
The stainless steel powder produced as de
scribed herein m a y be classified as desired so
as to give any predetermined particle size dis
tribution. For high pressure pressing, i. e. over
30 tons per square inch, a powder is preferred
containing about 6 6 % % of between 100 and 2 0 0
mesh material, 1 6 % % more or less of between
200 and 325 mesh material, about 17% of be
tween 200 and 325 mesh material and 16% below
325 mesh. FOr lower pressure pressing a pre
ferred product comprises about 4 2 % of material
between 100 and 200 mesh, about 42% of m a 
terial between 200 and 325 mesh and about 16%
of material below 325 mesh. As is understood
by those skilled in the art, in making up the
powder mixture for compact lubricants, such
as graphite, m a y be introduced. Similarly silver
powder m a y be utilized for its lubrication. As
noted above, the particular analysis of the pow
der employed for the compacting will be prede
termined upon the desired use. Thus for bear
ing material the stainless steel powder m a y be
admixed with copper or silver phosphide or low
melting silver solders so as to improve the bear
ing surface. These and other modifications and
ramifications will occur to those skilled in the
art in utilizing the improved product.
It is clearly to be understood, as explained
earlier, that the present invention comprehends
the broad concept of producing metal powders
from cheap source material by invoking and uti
lizing an inherent characteristic of such source
material for powder production. Stainless steel
has been chosen herein as illustrative of a classi
cal material of this type. The invention, h o w 
ever, comprehends the production of metal pow
ders or metal alloy powders from any source m a 
terial which, by reason of a heat treatment, is
embrittled and/or rendered corrodable in the
boundary areas. The invention is, therefore, ap
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plicable to any alloy whether of the solid solu
tion type or not which through heat and/or m e 
chanical treatment develops grain boundary
weakness which thus permits disintegration of
such boundary areas. For certain products like
stainless steel separation into powder is facili
tated by chemically corroding this differential
boundary phase. In certain other alloys a liq
uid corrodent need not be employed and particularly where the grain boundary phase is of
a brittle character. In such circumstances p o w 
dering of the material after the heat sensitizing
treatment m a y be effected by any suitable type
of trituration or grinding. Whenever desired
this grinding m a y be in a liquid menstruum
which serves as a lubricant and/or as a protec
tive material to preclude oxidation and the like.
Typical of such products which m a y be treated
in accordance with the invention are aluminummagnesium alloys, aluminum silicon alloys and
similar non-ferrous products which upon heat
sensitizing or mechanical working develop an
intergranular embrittled phase which m a y read
ily be mechanically reduced or corroded so as
to produce a powder of a particle size corre
sponding to the grain size of the matrix after
the heat treatment Thus magnesium aluminum
alloys containing up to 1 0 % of aluminum m a y
be employed. For example, brass m a y be heat
treated and cold worked after which the prod
uct m a y be milled in the presence of a suitable
corrodent, such as a mercurous nitrate solution
of suitable strength. Again Armco iron m a y be
heated to about 1315° C., slowly cooled and then
milled in the presence of a m m o n i u m nitrate to
produce a powdered product. Other alloys a m e n 
able to the treatment to produce metallic p o w 
ders are: magnesium-bismuth alloys containing
up to 1 0 % bismuth: magnesium-copper alloys
containing up to 5 % copper; magnesium-lead
alloys containing up to 1 0 % lead; magnesiumzinc alloys containing up to 8.4% zinc; and m a g 
nesium-silicon containing up to about 1 .4 % sillcon. The above mentioned alloys, of course, are
not exclusive or extensive but are merely illus
trative of the general type comprehended herein.
While preferred embodiments of the invention
have been described it is to be understood that
these are given didactically to illustrate the un
derlying principles involved and not as limiting
the invention to the chosen examples.
I claim;
1. A method of producing compacted articles
from stainless steel powder which comprises, mix
ing stainless steel powder in the approximate pro
portions of 3 0 % of powder between 100 and 200
mesh, approximately 54% of powder between 200
and 325 mesh and approximately 16% of powder
of — 325 mesh, cold pressing the mixture and
sintering the pressed product in a hydrogen at
mosphere at a temperature of between about
900° C. and 1250° C.
2. A method of producing compacted articles
from stainless steel powder which comprises,
forming a pre-mix of material containing about
6 6 % % of powder of between 100 and 200 mesh,
about 1 6 % % of powder of between 2 0 0 and 300
mesh, with the remainder — 325 mesh, pressing
the mix at about 30 tons per sq. in. and sinter
ing the compact in a reducing atmosphere.
3. A method in accordance with claim 2 in
which the reducing atmosphere is dry hydrogen.
4. A method of producing stainless steel compacts under low pressure and having good physi-
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cal characteristics, which comprises forming a
pre-mix of stainless steel powder containing about
4 0 % of material between 100 and 200 mesh, about
4 0 % of material between 200 and 325 mesh with
the remainder — 325 mesh, pressing the mixture
at pressures substantially below 30 tons per sqin. and sintering the compact thus formed in a
reducing atmosphere.
5. A process in accordance with claim 4 in
which the reducing atmosphere is dry hydrogen.
6 . A process in accordance with claim 4 in which
the sintering temperature is in the range of 900°
C. to 1250° C. and the reducing atmosphere is
dry hydrogen.
7. A method of making stainless steel articles
from stainless steel powder, which articles are
characterized by a tensile strength of at least
60,000 lbs. and a reduction in area of more than
1 0 % which comprises, admixing stainless steel
powder in the approximate proportions of about
Vz of powder between 100 and 2 0 0 mesh, about
% of powder between 200 and 325 mesh with
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the remainder — 325 mesh, cold pressing the mix
ture and sintering the compact in a reducing at
mosphere at a temperature between about 900°
C. and 1250° C.
8 . A method of making stainless steel articles
from stainless steel powder, which articles are
characterized by a tensile strength of at least
60,000 lbs. and a reduction in area of more than
1 0 % which comprises, admixing stainless steel
powder in the approximate proportions of about
V3 of powder between 100 and 20 0 mesh, about
% of powder between 200 and 325 mesh with the
remainder — 325 mesh, cold pressing the mixture
and sintering the compact in a reducing atmosphere at a temperature between about 900° C.
and 1250° C. for a period of approximately two
hours.
9. A process in accordance with claim 7 in
which the reducing atmosphere is dry hydrogen.
10. A process in accordance with claim 8 in
which the reducing atmosphere is dry hydrogen.
J O H N WULFF.

